Leptocarpha rivularis is an autochthonous plant of the southern zone of Chile known as "Palo negro" that has been traditionally used by Mapuche people as antiinflammatory and reliever of abdominal pain. More recently, aqueous infusion of this plant is being used in the treatment of cancer. The main phytochemical components of L. rivularis have been identified as a sesquiterpene lactones (SQL) being leptocarpine (LTC) the major component, which exhibits pro-apoptotic action against a variety of cancer cells lines. In this study we intend to compare the in vitro cytotoxicity against cancer cell lines of two different polarity extracts and LTC. To overcome the poor water-solubility of extracts they have been encapsulated in polymer micelles and its effect on activity has been assessed.
INTRODUCTION
The application of medicinal plants (MP) in the treatment of cancer is a matter of current interest 1, 2 , mainly because a large number of drugs with anticancer activity has been obtained from natural products 3 ; and additionally, because MP are used worldwide as complementary and alternative medicine (CAM) 4 . Anticancer studies of cancer drug efficiency have shown that cell death by apoptosis can be increased by inhibition of the nuclear factor kappa B (NF-kB) [5] [6] [7] [8] [9] [10] . Interestingly, many natural products exhibit cytotoxic activity on human cancer cell lines, which has been attributed to inhibition of this factor. For example, the biological activities of sesquiterpene lactones (SQL) have been explained in terms of NF-kB inhibition induced by themethylene -butyrolactone group that is highly reactive [11] [12] [13] [14] [15] [16] . In Figure 1 are shown the chemical structures of some active SQL: parthenolide, which has shown antitumor activity against different human cancer cells lines [17] [18] [19] [20] [21] ; and cynaropicrin that exhibits cytotoxicity against leukocyte cancer cell lines (U937 and Jurkat T cells) 22 . Leptocarpha rivularis is a shrub of the Astaracea family that grows at the southern part of Chile. This plant has been used as folk medicine by the Mapuche ethnia for the treatment of gastric ulcers. Phytochemical studies have shown that L. rivularis contains a high percentage of SQL, highlighting leptocarpine (LTC) as the main component 23, 24 . LTC has a similar structure to other active SQL (see Figure 1 ), and it is highly cytotoxic, induces apoptosis, and acts as an efficient inhibitor of NF-B 23, 25 . The concentration of LTC required to reach the levels of activity shown by parthenolide and other SQL is in the same order of magnitude. Based on these findings, LTC has been proposed as a potential therapeutic agent for treatment of cancer 25 .
Despite the number of known clinical activities shown by SQL the studies of plant extracts, from which active SQL are obtained, are scarce. Some studies have been mainly focused on the inhibition of NF-B by extracts obtained from dietary and medicinal plants [26] [27] [28] [29] . Most of these studies have been carried out with ethanolic extracts, even though active compounds are usually found in non-polar extracts, because of the low polarity of these compounds.
The poor water-solubility of natural products is the main drawback in their potential clinical development as chemotherapeutics drugs. To overcome this difficulty two different approaches have been used: incorporation of them into polymer micelles; and attaching polar or ionizable groups to the parent drug structure. The latter approach has recently been applied to develop a series of water-soluble derivatives of parthenolide 30, 31 .
On the other hand, the application of polymer micelles as delivery vehicles for anti-cancer drugs has been extensively studied in the last two decades [32] [33] [34] [35] . These micelles are formed by block copolymers having blocks of different polarities. Commercial triblock copolymers, known by the trade name of Pluronic, consist of a central hydrophobic block of poly(propylene oxide) (PPO) and hydrophilic end blocks of poly(ethylene oxide) (PEO), PEO-PPO-PEO. In aqueous solution these copolymers self-aggregate at a critical micelle concentration (cmc) forming aggregates of different morphologies. Pluronic F127 form spherical micelles with a core-shell structure where the micellar core consists of hydrophobic PPO blocks, whereas the corona is formed by hydrated PEO blocks 36 . The properties and potential application of these micelles as drug carriers have been extensively studied by several groups [37] [38] [39] [40] .
Thus, in this work we have evaluated the in vitro cytotoxicity of ethyl acetate and ethanol extracts of L. rivularis on different cancer cell lines. The extracts were applied in homogeneous solution and entrapped into polymer micelles of Pluronic F127. The results are compared with the activity that has been reported for pure LTC.
EXPERIMENTAL

Plant collection
Leaves and branches from L. rivularis were collected during summer season, in the environs of Valdivia (39°47'S, 73°13'W), Los Rios region, southern Chile at 60 m altitude approximately. Plants were identified in the field by Prof. R. Martinez and a voucher specimen was deposited at the Institute of Botany of the Universidad Austral de Chile (n o : VALD 13006).
Plant material extraction
Plant material was dried for two days. Then a fixed amount of grounded dry material was macerated with ethyl acetate (EA) for two days, the solvent is collected, and a new portion of EA is added. This process is repeated three times. The solid extracted material is subsequently macerated with ethanol following the same procedure described for EA. The extracts were concentrated under vacuum at 50 °C, in a rotary evaporator (Buchi, Germany) and then dried in a fume hood.
Entrapment of extracts in polymeric micelles of Pluronic F127
Pluronic F127 (Aldrich) was used as received. Pluronic F127 is a triblock copolymer PEO 100 PPO 65 PEO 100 with a molecular weight of 12,600 g/mol, and 41, 42 . Aqueous solutions of Pluronic F127 (1mM in a molar chain unit basis) were prepared with distilled and deionized water obtained from an EASYpure RF (Barnstead) deionization system. Extracts were entrapped into polymer micelles by using the emulsion method 43 . Briefly, an aliquot of extract dissolved in dichloromethane is added to an aqueous solution of Pluronic F127, and then mixed in a vortex to form an emulsion. The dichloromethane is eliminated by heating and sonication of the mixture, and the final concentration of extract is 5 mg/mL.
Cytotoxicity assays
Cell culture
HT-29 cells (colon cancer cell line), PC-3 (prostate cancer cell lines), MCF-7 (breast cancer cell lines) and CCD 841 CoN (human colon epithelial cells) were obtained from the American Type Culture Collection (Rockville, MD, USA). All tested cell lines were maintained in a 1:1 mixture of Dulbecco's modified Eagle's medium (DMEM) and Ham's F12 medium, containing 10% heat-inactivated fetal bovine serum (FBS), amphotericin (2.5 g/mL), penicillin (100 U/mL) and streptomycin (100 g/mL). Fetal bovine serum, penicillin, and streptomycin were obtained from Hyclone (Santiago, Chile) and used as received.
In vitro cytotoxicity screening by using sulforhodamine B assay 44, 45 .
Stock cells were incubated at 37 °C under humid atmosphere with 5% CO 2 for 24 h before the test. The cell suspension was set up at 3,000 cells per well of a 96-flatin ethanol or aqueous solution of Pluronic F127 (1 mM) at a concentration of 5 mg/mL and diluted with the growth medium to the desired concentrations (0ethanol or 1mM aqueous solution of Pluronic F 127. All culture microplates were incubated at 37 °C in a CO 2 incubator with humidified 5% CO 2 for 72 h. At the end of drug exposure, cells were fixed with 50% trichloroacetic acid at 4 °C. After washing with water, cells were stained with 0.1% SRB disso with 1% acetic acid to remove unbound stain. Protein-bound stain was was determined using an ELISA fluorescence plate reader at an emission wavelength of 540 nm using the program Gen5 1.07. The obtained data were expressed as percentages of viability cells versus solvent control, whose viability was considered 100%. Values shown are the mean ±SD of three independent experiments in triplicate. The software used to calculate the IC 50 values was SigmaPlot version 11.0. Sulforhodamine B (SRB) and Pluronic F 127 were obtained from Sigma-Aldrich (St. Louis, MO, USA) and used without further purification.
Morphological Assessment of Cell Apoptosis
Cell and nuclear morphology were analyzed, after 48 h of treatment to immune fluorescence microscopy, respectively.
Morphological changes in the nuclear chromatin of cells undergoing apoptosis were revealed by a nuclear fluorescent dye, Hoechst 33342. Briefly, CCD 841 CoN, HT-29, PC-3 and MCF-7 (1 × 10 4 cells/mL) were cultured on 24-well chamber slides, and exposed to compounds for 48 h. The control group was exposed to 1% ethanol or 1mM aqueous solution of Pluronic F 127. The cells were washed twice with phosphate buffer solution (PBS), fixed with 3.7% formaldehyde and washed again with phosphate buffer solution. Following the addition of Hoechst 333 cells were incubated in a dark room at room temperature for 30 min. After washing, they were examined under an immunofluorescence microscope at 465 nm (Olympus IX 81 model inverted microscope).
Statistical analysis
Data are reported as mean values ± SD. Experiments were repeated three times, with triplicate samples for each. Data were analyzed by Prism 6® version 6.0d. Statistical significance was defined as p < 0.05.
To analyze the normality in the distribution of the data, the test "Shapiro-Wilk" was used. Statistical analysis of data with no normal distribution was performed using the non-parametric test of "Wilcoxon" with designed range.
RESULTS AND DISCUSSION
Extracts of different polarity were obtained from leaves and branches of L. rivularis and assayed against different human cancer cell lines: HT-29 colon cancer; PC-3 prostate cancer; MCF-7 breast cancer; and one non-tumor cell line, CCD 841 CoN human colon epithelial cells (CoN). The extracts were applied in homogeneous solution, using ethanol as solvent, or incorporated into polymer micelles of Pluronic F127.
The cytotoxicity of extracts in both forms, free and entrapped into polymer micelles, was evaluated in vitro by the sulforhodamine B colorimetric assay. g/mL) with PC-3 cells are shown in Figure 2 , whereas the IC 50 values obtained for all cell lines are listed in Table 1 .
Figure 2.
Effect of different extracts (entrapped or not) on cellular viability of PC-3 cells. Cells were exposed to different treatments (extracts reported as the percentage of viability in comparison with the vehicle-treated cells (1% ethanol, Ctrl), which were arbitrarily assigned 100%. ET ethanol extract; EET entrapped ethanol extract; EA, ethyl acetate extract; EEA entrapped ethyl acetate extract. * p < 0.05, significantly different from the vehicle-treated cells (1% ethanol in medium, that is, compound concentration = 0). 25 The effect of free and entrapped EA extract on PC-3 cells and nuclear morphology was analyzed by phase contrast and fluorescence microscopies, respectively (see Figure 3 ). Representative images obtained with phase contrast microscopy of control cells (treated with 1% ethanol) and cells treated with EA and EEA extracts (25 Figures 3A, 3B , and 3C, respectively. These images show clearly that EA extract induces a size reduction and change in cell shape, and that this effect is much larger for the micelle entrapped extract.
IC50 g/mL
On the other hand, the images obtained by fluorescence microscopy after Hoechst 33342 staining ( Figures 3D-3F) show considerable nuclear fragmentation in treated cells. Comparison of images of cells treated with EA or EEA extracts ( Figures 3E and 3F , respectively) indicate that the effect increases in presence of polymer micelles.
In homogeneous solution, at all tested concentrations, ET and EA extracts g/mL. These values are much lower than those needed to consider plant extracts as active 46 . Interestingly, the cytotoxicity of these extracts on normal cells is quite low IC 50 > 100 g/mL, suggesting that these plant extracts act selectively on cancer cell lines. As discussed above, SQL exhibit cytotoxic activity against various cancer cell lines, and therefore the activity of these extracts must be related to their SQL content. In previous work, it has been found that L. rivularis contains a high percentage of SQL, and leptocarpin amounts to approximately 0.02% of the EA extract whereas the content of LTC in the ET extract is even lower 23, 24 . To explain the origin of extract's activities the values of IC 50 obtained for EA extract are compared with reported LTC cytotoxicity (last column in Table 1 ) and discussed as a function of LTC content. Considering the percentage of LTC in EA extract, the amount of LTC present at the highest IC 50 measured for the EA extract (15.6 g/mL for PC-3) should be approximately 0.003 g/mL, which is 500 times lower than the IC 50 of LTC (last column in Table 1 ). The amount of LTC decreases even more by decreasing the IC 50 value. Thus, a comparison of IC 50 values obtained for extracts with those reported for LTC (last column in Table 1 ) suggest that the activity of extracts is due to LTC and other secondary -secbutyl leptocarpin; rivularin; 8 -angeloyl-1 ,3 -dihydroxy-4,10-dimethyl-11(13) methylen-4Z,9Z-dienheliangol-6,12-olide (4); and 8 -angeloyl-1 ,3dihydroxy-4-methyl-11 (13) 10 (14)-dimethylen-4Z-enheliangol-6,12-olide (5) . All these lactones were isolated from the EA extract, except for 4 and 5 that have been not isolated due to the low percentage in which they are present 23, 24, 47 .
On the other hand, incorporation of EA extract into polymer micelles enhances greatly the cytotoxicity against all cancer cell lines, the IC 50 values of entrapped extracts are 20 to 200 times lower than those obtained with free extract; and 2 to 30 times lower than the respective values measured with LTC. These results clearly demonstrate the existence of an important effect of polymer micelles on the cytotoxicity, which could be attributed to an increase in biodisponibility or transport of active compounds into the cell. In addition, the even higher activity of entrapped EA extract, as compared to LTC, suggests that the synergic effect is enhanced by polymer micelles which selectively incorporate the most active compounds. For both extracts, the cytotoxicity against normal cells is also increased, and the IC 50 values of entrapped extracts g/mL.
In previous work we have shown that LTC reduces cell viability by triggering apoptosis. Thus, in order to determine if the measured cytotoxicity of free and entrapped extracts is result of apoptotic process, the existence of induced changes in cell and nuclear morphology was assessed. Images obtained with phase contrast microscopy ( Figure 3A-3C) show that cells with EA and EEA have lost their characteristic shape (appear as round mass) and are smaller in size, indicating a loss of cellular adhesion. Moreover, the number of cells is also reduced indicating a progression to cell death. Interestingly, the effect is more important in presence of Pluronic F 127. On the other hand, nuclear changes are also evident by fluorescence microscopy (Figures 3E-3F ) and are enhanced by entrapping EA extract into polymer micelles. These results suggest the occurrence of apoptosis 45 , and are quite similar to those observed in the decreasing of cell viability induced by LTC on the same cancer cell lines 25 .
CONCLUSIONS
The cytotoxicity of ethyl acetate and ethanol extracts obtained from L. rivularis was evaluated against various cancer cell lines: PC-3 (prostate cancer), MCF-7 (breast cancer), HT-29 (colon cancer) and one non-tumoral cell line human colon epithelial cells (CoN). The results indicate that both extracts exhibit activity on HT-29, MCF-7 and PC-3 cell lines, with IC 50 values in the range of g/mL. A comparison of these IC 50 values with those previously reported for leptocarpin (last column in Table 1 ) suggests the existence of a synergic effect in the activity of EA extract. This effect can be attributed to the presence of other lactones that are minority components of this extract.
Interestingly, the cytotoxicity of both extracts is enhanced by physical entrapment into polymeric micelles formed by Pluronic F 127. This effect is especially important in the case of ethyl acetate extract, where the IC 50 values are almost 200 times lower than those measured with its free form. These results suggest that polymer micelles enhance the apoptotic process induced by active non-polar components.
Finally, it is also noteworthy that neither of both extracts shows activity on non-tumoral cancer line, suggesting that extracts from L. rivularis act selectively on tumor cells. Thus, these extracts could be considered as an interesting target for future action in vivo studies.
